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Abstract—A compact dielectric resonator antenna for ultra-
wideband vehicular communication applications is proposed. 
Two cylindrical dielectric resonators are asymmetrically located 
with respect to the center of an offset rectangular coupling 
aperture, through which they are fed. Optimizing the design 
parameters results in an impedance bandwidth of 21%, covering 
the range from 5.9 to 7.32 GHz in the lower-band and a 53% 
relative bandwidth from 8.72 to 15 GHz in the upper-band. The 
maximum achieved gain is 12 dBi. Design details of the proposed 
antenna and the results of both simulations and experiment are 
presented and discussed. 
 
Index Terms—Dielectric Resonator Antenna (DRA), aperture 
coupling, asymmetric shape 
I. INTRODUCTION 
Antenna applications for vehicular communications have 
attracted much interest in the last decade [1-3]. Coverage of 
the required frequency range of 6 to 10 GHz has made use of 
various structures derived from the UWB field. A microstrip 
patch antenna with defected ground structure was used for 
cross polarization suppression in [4], in [5] to improve 
polarization purity, and in [6] to reduce mutual coupling 
between two CDRAs. A new technique to excite a higher 
order radiating mode for CDR was demonstrated in [7], and 
recently a dual band CDRA employing two hybrid modes 
excited by a new composite aperture was illustrated in [8]. 
Defected ground structures have been used for the control of 
active microstrip antennas and bandwidth enhancement 
techniques in patch antennas [9].  
Moreover, DRAs with various geometries such as conical 
[10], cylindrical [11] (for first use as a cylindrical radiating 
element see [12]), asymmetrical T-shaped [13], tetrahedral 
[14], ring-shaped [6], elliptical [15], and hybrid 
hemispherical-conical-shaped [16]: these are all structures 
proposed for bandwidth enhancement. Recently, the operating 
DRA bandwidth was extended further for ultra-wideband 
applications [15-16]. In [17] a single cylindrical DR was 
excited by two crossed slots in which a wider band was 
attained. In [11], a novel wideband slot-fed asymmetric DR 
antenna was proposed, with two adjacent cylindrical DRs 
placed asymmetrically with respect to the feeding rectangular 
aperture. By optimizing the design parameters, an impedance 
bandwidth of about 46%, covering the frequency range from 
9.1 to 14.6 GHz, and a simulated gain of 8 dBi has recently 
been achieved [18]. This technique can be applied to a large 
variety of transmission lines, including the conventional 
rectangular waveguide [19] and various planar waveguides 
such as the line strip [20, 21], coplanar waveguide [22], and 
substrate integrated waveguide [23]. One distinct advantage of 
aperture-fed DRAs is the easy realization of the desired 
polarization, which can be directly implemented either by 
selecting suitable slot shapes [24-26] or by adjusting the 
position and separation of slots. 
The rectangular slot has been used extensively for the 
excitation of DR antennas. In addition to this form, there are 
other regular forms such as alphabetic slots [27], and more 
commonly circular [28-31], elliptical [31] and annular slots. In 
[28] an approach to enhance the bandwidth of a rectangular 
DR antenna using a large circular slot was exploited. It was 
found by using a (35 mm radius) circular slot rather than a (44 
mm × 2 mm) rectangular slot, that a bandwidth of 36.44% 
(0.92 to 1.33 GHz) – in comparison to 6.39% (1.06 to 1.13 
GHz) - was accomplished, with a similar radiation pattern. 
The circular slots have also been used as a coupler [29], and 
also as a radiator [28, 30, 31]. 
The asymmetric location of the DR pair constitutes an 
additional optimization parameter for the designer. The 
features of an antenna can be improved as in [11] where an 
impedance bandwidth of about 29%, covering the frequency 
range from 9.62 to 12.9 GHz, and a gain of 8 dBi were 
obtained. In the present work, for the same structure studied in 
[11] and with a large slot concept, this ratio increases by up to 
100%. Bands of interest here are radio frequencies from 5.9 
to19.57 GHz, and also earth-to-satellite bands (from 5.9 to 6.4 
GHz, 12.25 to 13.25 GHz, and 14 to 14.5 GHz) and 
connections for satellite-earth at 10.7 to 11.7 GHz. Also 
relevant are the X-band of 8 to 12 GHz, 10.5 GHz for police 
radar, commercial use from 10.7 to 13.2 GHz, and finally the 
Ku-band at 12 to 18 GHz. 
 
II. PROPOSED ANTENNA GEOMETRY SUMMARIZED RESULTS  
In an attempt to increase the bandwidth of the DR antenna, 
an asymmetric location of two DRs on two adjacent slots were 
used. The UWB antenna was designed and simulated using 
HFSS V.14. The final configuration of the antenna, with an 
FR4 substrate of thickness 0.8 mm, is shown in Fig. 1. The 
prototype was fabricated on an FR4 substrate with a relative 
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permittivity of εrs = 4.5, a loss tangent of 0.017 and a thickness 
t = 0.8 mm. The microstrip feed line, placed symmetrically 
with respect to the coupling aperture, has dimensions 
calculated using empirical formulas given in [11, 15] resulting 
in length lf = 20.5 mm and width wf = 1.5 mm. Two 
rectangular apertures (slots) of length ls and width ws were 
etched in the ground plane, shifted from the center of the feed 
line by a distance d. Practical experience has shown that the 
stub length should be close to λg/4 [32]. The values of the 
parameters in the final antenna configuration of Fig. 1 are (all 
in mm): wg = 25, lg = 30, wf = 1.5, lf = 21, ws = 3.5, ls = 6.6, ds 
= 3.1, d = 0.2, lstub1 = 7.9 and lstub2 = 4.8. An alumina material, 
with εrd = 9.4, diameter D = 6 mm and height h = 9 mm was 
used for the DR structure. 
In this section, different shapes of the aperture are studied in 
order to observe their effect on the reflection coefficient and 
bandwidth. Fig. 2 presents five configurations of the aperture 
starting from the very basic rectangular shape shown in Fig. 
2a. Building on the previous work [11], the originality of the 
current work lies in the creation of two adjacent large slots 
combined with two cylindrical DRAs to excite further modes. 
The two slots form a zigzag shape where “shifting the 
zigzag” gives design scope: one can also expand the slot, as 
shown in Fig. 2e. This figure shows the evolution of the 
desired slot shape. This original antenna provides an 
enhancement of S11, as illustrated in Fig. 3. Fig. 2 and Fig. 3 
show that slot length has the most effect on the reflection 
coefficient and the resonant frequency, but to a lesser extent, it 
also affects the impedance bandwidth of the antenna [11]. 
 
 
(a) (b) 
Fig. 1: Aperture-coupled asymmetric DRA; (a) top view and (b) side view 
with design parameters shown. 
 
 
(a) (b) (c) (d) (e) 
Fig. 2: Top view of an aperture-coupled asymmetric DRA: (a) antenna 
proposed in [11], (b)-(d) steps of evolution, and (e) final design of the present 
antenna. 
 
The resonant frequency of a single segment CDRA exited in 
HEM11δ mode can be derived from [11, 26, 33]: 
  2
h
a
h
a
2a
c 0.15781.71 
r
rf   (1) 
where a  = D/2, c is the velocity of light, with the other values 
given above. For these dimensions and with the DRA 
properties, the calculated resonance frequency is 10.63 GHz 
[4, 8], determined by the permittivity and dimensions of the 
DRs. Since the DRs are asymmetrically located with respect to 
the asymmetrical slots, we have two stub lengths lstub1 and 
lstub2, where the actual DRA modes depend on the DR 
dimensions and the permittivity, as well on as the feeding 
mechanism. Thus several resonant frequencies are excited 
leading to effectively wideband operation. 
 
Fig. 3: Simulated reflection coefficients of the five antennas using the five slot 
shapes shown in Fig.2. 
 
   
(a) (b) (c) 
Fig. 4: Photograph of the fabricated antenna (a) front view, (b) rear view and 
(c) with the DRs. 
 
Based on the detailed parametric study performed in [11], 
the optimum dimensions for the antenna given above are used 
in the fabrication of the antenna shown in Fig. 4. 
 
 
Fig. 5: Simulated and measured reflection coefficients of the DRA. 
 
The antenna performance was measured with an HP8510C 
vector network analyzer, and the measured and simulated 
reflection coefficients of the antenna are shown in Fig. 5. The 
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comparison shows that there is better agreement for 
frequencies higher than 9 GHz. The differences between the 
measured and simulated results, seen in a shift towards higher 
frequencies and a general increase in S11, can be attributed to 
the combined effects of the use of glue fixing the DRA and 
fabrication inaccuracy. The antenna demonstrates an 
impedance matching (S11< -10 dB band) extending from 5.9 to 
7.32 GHz (21.5% relative bandwidth), and from 8.72 to 15 
GHz, (53% relative bandwidth). 
Fig. 6 depicts the simulated and measured impedances for 
the antenna. The real parts are around 50 Ω, while the 
imaginary parts fluctuate around zero. The slight differences 
between the simulated and measured impedances are mainly 
due to fabrication errors.  
 
 
Fig. 6 Simulated and measured impedance of the antenna. 
 
Fig. 5 and 6 indicate that several modes are excited and this 
is due to the shape of the slot and asymmetric placement of 
the DRs, as discussed in the next section.  
 
Fig. 7: Simulated and measured antenna gain of the antenna. 
 
Figure 7 illustrates the simulated and measured antenna 
gains in the broadside direction of the antenna. The simulation 
assumes an ideal feeding network, whereas the measured 
result includes the insertion loss of the feeding network used, 
hence there are local discrepancies. The figure shows that the 
calculated gain varies between 6.46 dBi and 12.95 dBi with a 
maximum of 12.95 dBi at 17.64 GHz, while the measured gain 
varies between 5.56 dBi and 12 dBi across the band of 6 to 17 
GHz. It can be seen that on average the measurements are 
comparable with the predictions, although a higher 
discrepancy is noticed across the range 7.5 to 10.5 GHz. 
 
 
Fig. 8: Normalized measured radiation patterns; (a) in the XZ-plane, (b) in 
the YZ-plane. 
 
Fig. 8 displays the normalized measured radiation patterns 
at frequencies of 6, 10 and 15 GHz. This indicates that the 
antenna has a wide radiation pattern with maximum radiation 
along the normal to the substrate covering half-space. It 
should be noted that the back radiation level is small as can be 
seen from the front to back ratio which in more than 10 dB. 
The radiation from the slot (back radiation of the antenna) is 
unavoidable, and depends on the electrical length of the slot at 
the frequency of operation. In this design, the length of each of 
the adjacent slots is 6.6 mm, which is equivalent to 0.33 of the 
free space wavelength at the highest frequency of operation of 
15 GHz. 
III. INTERPRETATION OF THE EXTENDED BANDWIDTH 
The arrangement of two slots feeding the two DRs gives an 
extra degree of freedom in the design procedure. The higher 
bandwidth achieved can be interpreted as the result of merging 
many resonating frequencies bands due to the parts 
constituting the antenna. Obviously, adding a second slot has 
resulted in an increased bandwidth. When these frequencies 
are related to the relevant parts of the antenna, then the 
designer has wider scope to tailor the required extension of the 
bandwidth. The resonating parts of the antenna are DRs, slots, 
and feed line/stub. Here are notes about these parts: 
A- The effect of a single DR 
The empirical formula used (see equation 1 above) cannot 
predict the higher modes of the DR.  
The other formula which gives the resonance frequencies of 
the TM11m modes is [34]: 
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 (2) 
where D  = 2a is the diameter of the CDR, h is the height of 
the CDR, εr is the relative permittivity of the CDR material, c 
is the velocity of light, and, for the TM11m modes, X
’
11  = 1.84. 
For the particular DR used, the resonance frequencies are 
9.936 GHz for the TM110 mode, 12.56 GHz for the TM111 
mode, and TM112 at 16.61 GHz, and the TM102 mode 
frequency 16.08 GHz. These modes are evident in the 
obtained simulation and experimental results. Thus, the source 
of the two dips in Fig. 5 is explained. 
B- The effect of the two DRs 
In this part, we replace the two cylindrical DRs by an 
equivalent rectangular one, as illustrated in Fig. 9. The 
dimensions of the equivalent rectangular DR are D×2D×h = 
6×12×9 mm
3
. It can be shown that, for the two DRs used the 
calculated equivalent relative permittivity is 𝜀r
rectangle
  = 7.59 
Figure 10 compares the simulated S11 responses of the antenna 
with the two DRs and that with the equivalent rectangular DR. 
Good agreement is obtained up to a frequency of about 13.5 
GHz 
 
 
Fig. 9: the equivalent 
rectangular DR 
compared to the two 
DR cylindrical case. 
Fig. 10: Simulated reflection coefficients of the 
antenna with two cylindrical DRAs compared with 
the same antenna using a single equivalent 
rectangular DRA as presented in Fig. 9. 
 
According to [34], the frequencies of the three fundamental 
modes HEM01δ, TE01δ and TM01δ are respectively: 10.484, 
12.19 and 18.16 GHz, while according to [35, 36] the resonant 
frequencies for modes HE11δ, EH11δ, TE01δ and TM01δ are 
respectively 9.85, 10.24, 12.28 and 18.21 GHz. These modes 
are being excited by each of the two DRA alone. Therefore, it 
is possible for other modes that have low frequencies to be 
excited by the two DR combination (the same effect as the 
rectangular DRA).  
With the rectangular DRA, according to [37, 38] the 
frequencies of TEδ11, TE1δ1, and TE11δ (for a single resonator) 
are respectively 7.19, 10.22 and 10.51 GHz. One may 
conclude that both DRAs can generate and excite other modes 
below 10.5 GHz (as with a single DRA) for lower frequencies 
similar to the rectangular DRA combined with the larger slot. 
Fig. 10 shows that the benefit of using two DRs is the ability 
to have hybrid modes at lower frequencies, and that there are 
more of these than with a rectangular DRA (7.19, 9.84 and 10 
GHz). 
C- The effect of the slot 
A rectangular slot of length Ls that is short-circuited at both 
ends can have a first mode resonance when the slot length is 
equal to half the guided wavelength λg, i.e.  
gsL 5.0  (3) 
The guided wavelength is given by: 
rere
g
f
c


  0  (4) 
where fr is the resonance frequency, and εre is the effective 
dielectric constant for the wave inside the slot, given by: 
2
1
 rsre

  (5) 
Here εrs is the dielectric constant of the substrate material. 
 Combining equations 4, 5 and 6 gives: 
 12 

rss
r
L
c
f

 (6) 
For the slot length used, Ls = 6.6 mm, fr is 13.7 GHz. This 
frequency value is close (within 7%) to the resonance 
frequency of 12.7 GHz seen in the presented results. The shift 
in estimated frequency can be attributed to the following: 
Equation 6 assumes an average dielectric constant that is the 
mean of the air and substrate values, but when the DR is 
placed adjacent to the slot then the average value rs will be 
higher, leading to a lower value of the frequency as compared 
to that given by Equation 7. 
 
  
(a) (b) 
Fig. 11: The two adjacent rectangular slots can induce two cases of resonance. 
 
The above reasoning assumes a rectangular slot. The use of 
two adjacent rectangular slots can result in two cases of 
resonance, see Fig. 11, where the electric fields of the 
resonating modes are indicated by arrows. The first case 
assumes two independent slots each of length Ls (see Fig. 11a) 
with each one resonating at the frequency given by equation 7. 
The second case is represented by an equivalent slot 
comprising the two merged slots, see Fig. 11b. This longer slot 
has an equivalent length value that is between Ls and 2 Ls 
depending on the overlap of the two slots. In our prototype, 
the slot length is about 6.6 mm, and the combined slot length 
9.6 mm. This equivalent length leads to a resonance frequency 
of 9.4 GHz. Of course, this value will be affected by the 
proximity of the DR leading to a slightly lower value of 
frequency. 
Accepted to IEEE Trans on Antennas and Propagations, Aug 2017.  
 
 
Fig. 12: Magnitude of the electric field distribution across ((a) xz plane, (b) yz 
plane and(c) xy plane) at 5.9 GHz, 7.2 GHz, 9.4 GHz, (HEM01δ mode) 10.5 
GHz, 14 GHz and 16.0 GHz (TEδ21). 
 
The lower band of frequencies results from the combined 
effects of the slot, single DR or the two DRs. The other 
element that may be considered in resonance calculations is 
the microstrip feed line. This line is connected between the 
50Ω impedance input connector and a combination of open-
end, slots and two DRs. In the lower frequency band, the 
feedline can be considered to work as 1/4 wavelength 
transformer. Thus a dip in the input reflection coefficient is 
noticed when the line length is equal to 1/4 or 3/4 of the 
guided wavelength. The substrate thickness is h = 0.8 mm. 
With a line width W = 1.5 mm, the effective dielectric constant 
using [39] it was found to be 3.39. For a feed line length of 21 
mm, the resonance frequencies are 1.94 GHz for the 1/4 wave 
length case, and 5.82 GHz for the 3/4 wave length case. The 
second value of frequency is very near to the lower band (see 
Fig. 10), thus verifying the existence of the lower band. 
D- The combined effect of the slot with DRAs in radiating 
modes 
From the input impedance (Fig. 6), it was feasible to plot 
the magnitude of electric field (on the three planes) at seven 
frequencies which have an important effect on the parameters 
of our structure. As shown in Fig. 12, at all the frequencies 
there is a very large coupling generated by the wide slot and 
the DRAs, especially at 5.9 GHz, the resonance frequency of 
the slot (3/4 wave length case).  
A mode (quasi TEδ11) at 7.2 GHz is generated by the slots 
and the two DRAs, which begins in one and finishes in the 
other DRA [37, 38].  
Also in the 9.8 to 12.5 GHz range and around the resonance 
frequency of the slot at 12.7 GHz, each DRA reacts separately 
and resonates differently resulting in the first order mode, and 
the splitting of the modes HEM01δ, TE01δ, HE11δ, EH11δ, and 
TE01δ. The DRA therefore resonates at 10.5 GHz in the 
HEM11δ mode. The TE1δ1 mode generated by the two DRAs is 
also visible. 
From the resonance frequencies of the higher order modes 
given in [34] and the shape of the E-field at frequencies 14 
and 16 GHz, we find that these modes are: TE102  = 14.91 
GHz, TM102  =  16.08 GHz and TM112  = 16.61 GHz. In 
general, we find that the two DRAs combine and manifest 
with the slot throughout the frequency band studied. 
IV. CONCLUSIONS 
A compact dielectric resonator antenna for ultra-wideband 
applications has been designed, fabricated and tested. The use 
of two DRs excited by two adjacent and displaced slots 
enhances the performance of the antenna, and the asymmetric 
location of the DR pair, together with the dimensions and the 
shape of the aperture, gives designers more freedom for 
optimization. Displacing the two DRs vertically and 
horizontally reveals optimum configurations, yielding 
antennas with better performances. In this study, an 
impedance bandwidth of about 53%, covering the frequency 
range from 8.72 to 15 GHz and a lower band from 5.9 to 7.32 
GHz with relative bandwidth of 21.5%, and a maximum 
realized gain of 12 dBi were obtained. 
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